
























































































































































X USE OF SLUDGE ASH IN CONCRETE BLOCK, 
REFRACTORY BRICK, FOR TREATMENT OF ACID MINE 

DRAINAGE AND MINERAL RECOVERY 

The Metropolitan Council staff investigated the potential for sludge ash use in the 

manufacture of concrete block and refractory bricks. A sample of ash was sent to A.P. Green 

Refractories Company for its evaluation to determine the ash could be used in making 

refractory brick. The company determined that the percentage of alkalies in the ash was too 

high, rendering it unsuitable for their use (see letter in Appendix 6). 

The Metropolitan Council staff also contacted Anchor Block Company in North St. Paul 

to determine whether the ash could be used in making concrete blocks. - Anchor Block said 

that the ash was too fine a material for use in blocks. 

The U.S. Department of the Interior, Bureau of Mines, was interested in testing the 

potential of sludge ash to neutralize and precipitate heavy metals from acid mine drainage. 

The Bureau's preliminary testing revealed that the sludge ash obtained from sewage sludge that 

was conditioned with lime and ferric chloride is effective in precipitating heavy metals and 

additional testing will continue. However, sludge ash obtained from the sewage sludge that has 

undergone heat-treatment was not effective in precipitating heavy metals. Table 8 shows the 

Bureau of Mines' test results. (see letter from Bureau of Mines, Appendix 7). 

Samples of sludge ash obtained from both the lime and ferric chloride conditioned 

sewage sludge and heat-treated sewage sludge were sent to Canadian Waste Technology Inc. 

CWT specializes in mineral recovery from ash and other waste products and in solidification of 

hazardous wastes. CWT has contracts for removal of sludge ash with the municipal wastewater 

plants in Toronto and Hartford, Connecticut. 

CWT evaluated the chemical composition and characteristics of the sludge ash to 

determine the feasibility for mineral recovery. CWT has indicated it is very interested in using 

the sludge ash and would like to do additional testing and evaluation of the treatment plant. 

However, CWT would pref er to inspect the Metropolitan Plant in St. Paul after the new 

incinerators come on line; this is expected to occur in early 1983. If the company determines 

that mineral recovery is feasible, it would be interested in making a long-term contract for 

sludge ash removal similar to its contracts with the Toronto and Hartford treatment plants. 
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TABLE 8 

REMOVAL OF HEAVY METALS BY 
PRECIPATION WITH ALKALINE MATERIALS 

(Preliminary Test Results From the U.S. 
Department of the Interior, Bureau of the Mines) 

Material 
Tested 

Lime conditioned 
fly ash 

Coal incineration 
fly ash 

Untreated head 
sample 

Dosage, 
g/l 

1. 21 
2.05 
4.15 
0.62 

0.625 
l. 27 
0.27 

49a 

Metal 
Cu 

< 0.10 
< 0.10 
< o. 10 
< Q.13 

< 0.10 
< 0.10 

0.22 

10.8 

Concentrations 
Mn Zn 

5.7 < 0.10 
0.39 < 0.10 

.06 <O. 10 
12.0 3.6 

0.46 <:0.10 
. 06 <0.10 

13.9 6.9 

15 .1 12 

mg/l 
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ACCRECATE \.RADA'J'TONS 
AggrL'gate Agg1·egate Aggregate 

I'.t!'._ ~(). Nu. %S _1_~1__~~-~J~ _3_/_4_'~ _'li !£~ 1L?_'~ _}_/8'~ l1.i__ fL!_Q __ #40 ·11200 Source ____ Contractor_ 

8lJOI A 81752 0 100 100 95 86 66 55 23 5 Barton Total Asphalt 
8 I 30 ll\ 81 7) l E. 52 ] 100 100 95 86 66 55 24 6 @ Lake-
81 WIC 81751 c. 52 2 LOO 100 95 86 67 56 24 6 Lmd 
81JU lD til751 & 52 ] 100 100 95 86 67 56 25 7 

8200(,A 8WU8 0 100 98 92 83 65 56 23 4 Pit /19008 c.s. 
82ULOA 820llb & 08 2 100 98 92 83 66 57 25 6 11 McCrossan 
8:Wl0ll 82006 & 08 3 100 98 92 83 66 57 25 6 " " 
82009A 82009 0 100 98 90 80 64 52 21 3 Barton Total Asphalt 
8201 lA H2U09 & 06 2 100 98 90 80 65 53 23 5 @ Lake-
820) 1H 82009 & 06 3 100 98 90 81 65 53 23 5 land 

82010 100 100 100 95 17 4 1 0 'J.L. Total Asphalt 
8L'Ol3A 820 ll () 100 100 100 100 95 68 23 3 . Shiely 

Cumpusite 30% @ St. r; (010) & /0% (011) 100 100 100 98 72 49 16 2 Cloud " 
820JL1A 82010, 11, 06 2 100 100 JOO 99 72 50 18 4 II 11 1-d 

trj Vl 82014H 82010, ll, Ob 3 100 100 100 99 72 50 19 5 11 .. z .+:-. 
t:J 

8'.Wl3 100 96 89 82 68 56 17 ] 
H 

Elk Rlver Pit ll. & s. ~ 
810191~ 82014 () 100 99 98 96 91 86 42 2 Anoka Pit Asphalt 

~ 8L0 I') 100 97 81 61 22 13 7 2 Elk River Pit " 
Cu111pusile L10% JOO 97 89 80 61 52 22 2 
(0 lJ) HJ/:'. (O lLf) 
301:: (Ol5) 

B202'.:>A 820lJ, Ol4, 015 
& OIJ 2 100 97 89 80 62 53 23 4 Elk River Plt 

82025B 82013, 014, 015 
& 06 3 100 97 89 80 62 54 24 5 Elk River Pit 

Slu~].sl!_ 

TN 81301 - 82% passing #80 Sieve Sp. Gr. 2.972 
All ol11e r T. M. 100% passing #80 Sieve. Sludge pulverized 
to 100% pas!Jing 1/80 sieve. Hydrometer analysis of pulverize(} 
mateL-la1: 71% SLlt 16% Clay. 



BI'L'l!MlNOUS MJX'l'URE l'ROPEHTIES 
Agi'.rvgaLv Asplial.t De11sity * Stubility * Voids ** C\~A *** 

'J'.M. N•>. tfo. ~i~e_s_~ z_ J)_~~-~--1\_!~_1 ~~.~t~!'~~--- _Sp. Gr_:_~ .< lhs/ ft3L (lbs) _ _( % ) --- jJ_J _____ ------ - - -- --·- -

::1301A 81752 23'H 0 5.2 2. 373 147.9 1273 5.0 4.5 
«:1 rn1n 81751 & 52 233 l l 5.2 2.381 148. 4 1482 4.9 4. l 
lil JOJC 81751 & 52 2331 2 5.2 2. 377 1L18. l 1510 4. 7 3.9 
Ill JO l D 81751. & 52 233 l 3 5.2 2.374 148.0 1680 5.9 3.3 

ilLJOIDJ 81751 & 52 2331 3 L1. B 2.354 146.7 1690 6.7 
ill JOI D2 817)1 & '>2 2331 3 5.0 2. 358 14 7. 0 1559 5.8 

:J200bA 82008 '.DJl 0 5.6 2.321 144.7 662 4.7 7.5 
:\20 IOA 82008 & 06 2331 2 5.6 2. 3L1 7 146.3 1157 4.2 5. 7 
ll:WLOB 82008 & 06 2131 3 5.6 2. 363 14 7. 3 ll163 3.4 5.3 

l\2l)()L),\ 82009 2n1 0 5.2 2.380 148.3 815 4.3. 5.0 
H'.WllA 82009 & 06 2331 2 5.2 2.388 148. 8 1262 4.2 4. 1 
11201 lB 8L.Oll9 & 06 2331 3 5.2 2. ld2 150.3 1777 3. 1 3.7 

Ln 
li20l JA 82010 & 11 2361 0 6. 1 2. 292 142.9 1770 7 .0 4.5 Ln 
H20 ILIA 82010, 11, 

& 06 2361 l 6. l 2. 3J2 145. 3 2287 5.6 3.2 
11201.'.iB 820!0, ll 

& 06 2'361 3 6. l 2.344 146. l 2527 s.o 3.9 

,j:,'()j':j[o' 8201'3, 14 
,', 15 2JJ l 0 5. 7 2.307 143.8 581 4 rJ 6.3 

1202)/\ 82013, 14, 
15 & 06 2331 L. 5. 7 2.345 146.2 907 ].6 4.7 

i20L')l\ HLOJJ, l L1 , 

15 & 06 2331 3 5.7 2. ]L19 146. /1 1232 4.6 5.7 

* AS'l'M ll 1559 lksi.stance tu PlLL:>lie Flow t)f 

H.1l.u111i11uu!::l Mixtures u!:d ng Man;lw LL Apparatus. 
~'* ASnl D 20Ltl 'l'livurL;tit:al Haxi.111u111 Specific Gravity uf 

Bilt1mi1wus Paving Mixtures~ 
*'~;; M11/UU'J' 1 s C1l.LJ \fater Abrasion Test. 



APPENDIX B 

Enviroscience, Inc. 
CONSULTING ENGINEERS 

(6, 21 379. 7 242. 

.'11NNE .. POl.. S. "'1'< 55413 June 29, 1982 

c~ntlemen: 

Our fir:n, Enviroscience, Inc., was recently hired by the Metropolitan Council to study 
the feasibility of using sludge ash from che ~-!etro Plant at St. Paul as a fertilizer 
or as an additive to fertilizer mixes. Our firm specializes in consulting studies 
which involve the fields of environmental and civil engineering. 

An important part of the ~etropolita.~ Council study is to contact fertili~er producers 
and blenders in the metropolitan area to determine their potential intQrest in using 
the sludge ash material (60-90 tons/aay) as a fertilizer or fertilizer additive. 

The ash as produced by the incineration of sludge at the :-£etro Plant is a fine (primarily 
the size of fine sand and silt), granular material having a specific gravity of about 
2.S. 

The attached chemical analysis sheet gives a breakdo-w-n of the major r:onstituent:s in the 
sludge ash. The extractable phosphorus, potassium, calcium, magnesium, manganese and 
sodium are also shoT..in in the table along with the equivalent calci~m carbonate. In 
;eneral, although the total phosphorus pento:dd~ is high, che avail.able (or extractable) 
phosphorus is relatively low. 

~.Je ',;ould appreciate your answering the few brief questions in the enclosed form and 
returning it to us the self-addressed stamped envelope. We ;.;ould greatly appreciate 
your prompt response so that we can evaluate whecher this material would have a use in 
fertilizer. Your response to the questions on ~he enclosed form in no :.;ay obligates 
your company to use sludge ash. 

If you would like additional information at this time regarding the scudy, please call 
::iyself or Isaac Yomtovian at (612) 379-7242. Thank you in advance fur :1our assistance. 

Sincerely, 

Richard ~L .\r1c:10ny, P.E. 
Vice FresiC.en t 

R:L-i/nj k 

Enclosures 
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RESPONSE FORM 

(Please fill out and return to Enviroscience, Inc., in the self-addressed 
return envelope) 

Person Filling out Form: 
~~~~~------~~------------------~ 

(name) 

(title) 

Basic type of asphalt production process: pugmill ______________ _ 

Approxmiate number of tons of asphalt mix produced: 

~--------~-----------------tons per ________________________ ~--~ 
(day, week, month or year) 

Are you currently using mineral filler or other additives in 
your asphalt mixes? yes no ______________ ~ 

Would you like to receive more detailed technical information 
regarding the properties of test samples which have incorporated 

drum mix 

sludge ash into asphalt mixes? yes no ____________ _ 

Do you think that the sludge ash would have a possible use in production 
of your mixes? yes no don't know __________ __ 

Would vou be interested in attending a general meeting in Minneapolis 
in early July to learn more about the sludge ash feasibility study 
and to contribute your views on the subject? yes no __________ _ 
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1. Chemical Composition -

Silicon Oxide 
Aluminum Oxide 
Iron Oxide 
Sub Total 
Calcium Oxide 
Magnesium Oxide 
Phosphorus Pentoxide 
Total 

SLUDGE ASH 
DATA SHEET 

27.0% 
14.4% 

8.2% 
49.6% 
21.0% 

3.2% 
20.2% 
94.0% 

2. Specific Gravity 2.70·- 2.95 
Bulk Dry Density 45-50 lbs/cu ft. 

3. Particle Size and Distribution -

A. Without additional grinding 
*70-85% passing #200 
*65-80% silt (. 06 - . 002 Illln) 
*0-10% clay (L- 002 mm) 

B. With grinding 
*100% passing #200 

4. Not a Hazardous Waste 

5. Shipping - Can be shipped wet (for open trucks or railroad 
cars) or dry (closed trucks or railroad cars) 

6. Summary of Mn/DOT's test results 

Mix 
Specification 

2331 

2361 

Percent 
Sludge Ash 

0 
2 
3 

0 
2 
3 

Average 
Asphalt 

s.s 
5.5 
5.5 

6. 1 
6. l 
6. 1 

Average 
Percent Stability * 
Content (lbs) 

686 
1,109 
1'491 

1, 770 
2,287 
2,527 

Average Average 
Voids ** CWA *** 
(%) (%) 

4.4 6.3 
4.0 4.8 
3.7 4.9 

7.0 4.5 
5.6 3.2 
5.0 3.9 

* ASTM D 1559 Resistance to Plastic Flow of Bituminous Mixtures using Marshall 
Apparatus. 

** ASTM D 2041 Theoretical Maximum Specific Gravity of Bituminous Paving 
Mixtures 

*** Mn/DOT's Cold Abrasion Test 
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ASFF_i..LT ?I..Al·;T 
L:TE.RVE1d ?02·: 

Name of ?in:i: 

Address: 

Date of Pla.n't Visit : 

Person(s) Interviewed 

Interviewer 

PL •. u;T TYPE, COK:D!TION • .urn OUT100!C 

(1) 

(2) 

(3) 

(4) 

Continuous: Pugmill~~~~~ Dru,-n ~!ix 

Batch 
-------~ 

Approx. Age of ?lant and Equipment 

?uture Outlook for ?lant Operation 

projected lifetime 

phase out 

expansion 

PP.OJUCTIC~Y RA~S A.lr.J CAHGITY 

-------

(5) Ar.nual Plant ?reduction tons/year (1981) 

tons/year (1982, est.) 

(6) Approx. Length of O?erating Season : to 

(7) Approx. Nu.:nber of Operati:lg Days/Year 

( 2) Approx. !•~on thly Production Rates (tons or ?) of an.'l·u.al to ta.l) 

April 

:fa.y Sept. 

Oc't. 

July Xov. 

(9) Variability of Production Rates (word description): 

daily 

"eekly 

~ont::ly 

year-to-year 

(10) Xaxizum ~aily FroC.uct!on Capa~ity 

~ATE?.L~L STOC:::?I:!~G ?F...A.CTICZS 

tons/iay 

(11) ~ow are a.gc:regate anC. othe::- ::.ate::-ials no·.; b::-ou.~ht into plant? 

r . .i-1 ( 'l~r-lr~ .. -\ 

BA-2 (C,)stiton) 2361 Fi1 1 er (Ccst·~~)n~ 
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rnT:::::RV!EW FORl·i (cont.) 

POSSI3LE STC? .. AGE A~TJ ?E3:DJ:~JG O? SLt"~GE ASZ 

(14) Is mineral filler currently stored and used ? 

(15) Type of storage unit(s) used 

(16) Storage capacity for wi<leral filler : 

(17) Location-of storage unit(s) 

(18) Filler feed equipment 

Yes 

tons 

(19) Type of filler w-eighing or metering equip;nent. ____________ _ 

(20) ~ould existing storage uiits for mineral fille~ be suitable for 

sludge ash? Yes No 

(21) Would existinc feed equipoent be suitable for sludge ash? 

Yes 

(22) Is there space available in the plant complex for erecti~g 

sludge ash storage units? Yes 

(23) Is there space available in the storage yard for stoc~piling 

long-term reserv-es of sludge ash? Yes l'.To 

(24) 'I7pe of dust control equipment 

(25) 

(26) 

(27) 

Location of equipment units in the production ~recess 

Are fines recovered and returned to mix? Yes Xo 

Could sludge ash be introduced into the production ~recess without 

reducing pollution control effectiveness? ~es Xo 

I! the answer is 11 1·;0", describe what else would oe needed? 

(28) Type of Cp9rational Controls 

autor:J.a.tic semi-automatic !:lsnual 
(29) Could sl·.id.ge ash oe used. wifacut oajor a.C.apta.Ucn of the con-:rol 

e~uipcent and associate~ operational procedures? 

Yes Yo 

If the ans we:::- is "lio," desori be tne cha.r:eTes that ·..1oulG. :-.ave to be 

;;:ade 

tan": i:-ipacts upon efficiency, p:::-o:iuoti·,.-i-:y, invast:ne11t a.."ld. :pro-
!ita~i:ity? Ies ~o 

I: t~:a 8.!'lSWer is "!;o," explain 
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APPENDIX C 

(Shown in Volume II) 
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REPORT OF: 

APPENDIX D 

t:w1n c1tY test:JnQ. 
and srnQW"MlennQ &aoon!!exxu, inc.. 

662 CROMWEL:. AVENUE 
ST. ?AUL MN 55114 
PMONE 512164S-:l601 

SLUDGE ASH CONCRETE TRIAL BATCHES 

SLUDGE ASH CONCRETE CATE: August 16, 1982 

REPORTED To: Enviroscience Inc 
Attn: Richard M Anthon¥ 
2021 East Hennepin Ave 
Minneapolis, MN 55413 

LABORATORY No. 6-0474 

INTRODUCTION: 

FURNISHED BY: 

coP1Es To: - Metropo 1; tan Counci 1 
Attn: James Frost 

- I adi s J av Cel"'ny II of Minn 

This report presents the results of tests perfonned on concrete containing press cake 
sludge ash, as su!:mitted to us by the Metropolitan Council, St Paul, Minnesota. The 
scope of our work was to batch and test concrete that had cement or fine aggregate partially 
replaced with the press cake sludge ash and compare these with a control without sludge 
ash. The materials used in batching the concrete were also tested. This work was requested 
and authorized by James Frost of the Metropolitan Council on July 12, 1982. 

CONCLUSIONS: 

Based on the test results, it is our op1n1on that the sludge ash could be used at a 
5% replacement of the cement and ~t a 2% batch weight replacement of the fine aggregate 
without adverse effects to the compressive strength. The extended setting time should 
not be a problem as long as the concr~te would be placed in areas such as footings or 
mass concrete placements or areas where rapid form removal is not required. The sludge ash 
did not meet the requirements of ft5TM:C618 specifications and therefore in order for 
this material to be u~ed in concrete, the ftSTM:C618 specifications would have to be 
modified. 

Additional tests will be required before this material can be used on a corrrnercial basis. 
Tests must be conducted to determine the freeze-thaw durability, alkalie reactivity, 
dry shrinkage, abrasion resistance and the maximun allowable addition of the sludge 
ash to the concrete. Statistically, the data in this report can be looked upon only 
from a preliminary ~spect as several batches of various proportions of cement to sludge 
ash content must be produced in order to determine the variability and best use of this 
material in concrete. 

s:.MMARY: 

A sLrn~ary of the test data is as follows: 

1. 

,, 
'-• 

The sludge ash di.d not meet ASTM:C518 specifications for the use of mineral 
admixtures in concrete. 

The ce~ent and aggregate met the ASTM:Cl50 and ASIM:C33 specifications, respectively. 

AS. .4 WUTUJ..L.. 1ilft0Tt:e'T10M TO Ct..IKMT•. T1-ft ~U'9L1C ANO o:::>U1i'SU ... VC:•. -'L..L. "!'.Jl'C •TS .l.lltiC •u•'1iiltT'TEO AS Tl-t"C <:OH"'1C«"H"Tf.U .. Jll11t0fD":Jn""'I" OP' CU'E,..TS, 4MO AUTMO"· 
'Z ...... ,':l .. ,.'::'!'t i-t·~t..'":.AT!OH ~r ~"'."'."-"!''!:~!:N.T:S, CC'NC~:..!Sf':""IS: C1F t::X-:"~Ac;s r~OM' c:e ... ,Q.;.~::1::ic JJ..i.q; 1-..::.-~· .. ttis •?a l'(~.WC1''1i!:O .-~~o ·~c; .:.,io,J.~ ............. !.. .... '"P"C""'L... 
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REPORT OF: 

LABORATORY No. 6-0474 

TEST PROCEDURES: 

twin c1t:Y test1nq 
and enQ1neennc:1 ·~~~'!.~_~:'"!·.~.~ 

ST ?AUL MN 55114 
?~ONE 6121545·3601 

SLUDGE ASH CONCRETE TRIAL BATCHES 

CATE: August 16, 1982 

PAGE: 2 

The press cake sludge ash as received was ground to 95% passing the #200 sieve. The 
ground material was tested for physical requirements according to the specifications 
outlined in ASTM:C618 for testing of fly ash and raw or calcined natural pozzolan for 
use as a mineral admixture in portland cement concrete. The concrete aggregate was 
tested to meet ASTM:C33-81 specifications for concrete aggregates. The mill test 
report data for the cement used in the testing is attached in the Test Results portion 
of this report. 

Four concrete trial batches were made using 1) a control batch without sludge ash; 
2) a 5% cement replacement by weight with the sludge ash; 3) fine aggregate replaced 
using 2% of the total batch weight replaced by the sludge ash; and 4) fine aggregate 
replacement using 4% of the total batch weight replaced by the sludge ash. 

The concrete was batched and tested in accordance with ASTM:C192 procedures. Nine 
411 x au compression cy1inders were cast per batch and were tested in sets of three 
at 3, 7 and 28 days. 

TEST RESULTS: 

The test results concerning the concrete batches and materials used are as follows: 

Test of Sl udqe Ash (ASTM:C618) -

Sample Identification: 

Date Received: 

Press cake sludge ash 

7-12-82 

Percent Passing #200 Sieve: 95 

Fineness 
Retained on #325 Sieve, % 

Specific Gravity, % 

Pozzolanic Activity Index 
With Portland C~~ent (%) 

Ratio to Control @ 28 Days 
With Lime@ 7 Days (psi) 

Water Requirement, % cf Control 

Soundness 
Autoclave Expansion (%) 

11. 8 

2. 77 

65. 7 
530 
104 

0.02 

ASTM: C513 
SPECIFICATIONS 
Cl ass F Cl ass C 

Max 34 

Min 75 
Min 800 
Max 105 

Max 0.8 

Max 34 

Min 75 
Min 800 
Max ~OS 

Max 0.8 

*Huron Type I Portl a·nd Cenent was used in a 11 tests when appl i cable. 

AS A JriCIJTU.A.t.. JIROT~CT!ON TO C.LJtN"r•. iH!. ~U!!J,.lC AN:> OU111::Sl:L.V't3. Al..!.. ~£1'<::)AT5 AR~ ,'!U9Mf'T"'l"'!'O A!! TMtt C'ONfll'l.=i!.NTtAl.. ~91t0,.~'RTY Ot" CLl£NTS. A.MO .4.UTMCA:· 
lZAtlON ,re .. ~UEu .. JCATION opr Sl'AT£lrll!.NT5. CONCJ..U&IONS OJlt CXT,..ACTS ,.,.OM Ofll R£GAftClNO OUl't lt!:,.Ofll:7S •S 1".ES.£'.ilVEC "£N01MG QUiii WRl1'T~N A? .. ""Q'JAL.. 
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twin cit:Y test:InQ 
and enq1neennQ tat:>ora. t:on,J. , inc. 

662 :;FiOMWEi..1.. AVENVE 
ST "~UL. ~'N 55114 
Pi-iO~E 612·6..:~.JEQI 

REPORT OF: SLUDGE ASH CONCRETE TRIAL BATCHES 

LABORATORY No. 5-047 4 

TEST RES UL TS: (cont) 

DAT~:August 16, 1982 

PAGE: 3 

Test of Cement (ASTM:ClSO) - As taken from the cement lot mill test report as presented 
by the National Gypsun Company 

Physical Analysis -

Time of Set (Gillmore) 
Initial Set 
Final Set 

Air Content 
Soundness 
Specific Surface (Blaine) 

Compressive Stren£th 
3 days 
7 days 

Chemical Analysis -

Alkalies (NazO + 0.658K20) 

3 hrs 35 min 
5 hrs 40 min 

10. 23% 
0.036% 

4483 sq an/g 

3243 psi 
4351 psi 

0.65 

**These optional limits apply only when specifically requested. 

Test of Aagreoate (AST~:C33) -

ASTM:ClSO, TYPE I 
SPECIFICATIONS 

Min 1 hr 
Max 10 hrs 

Max 12% 
Max 0.80% 
Min 2800 sq cm/g 

Min 1800 psi 
Min 2800 psi 

Max 0.60** 

Type of Aggregate Shiely concrete sand ASTM:C33 
SPECIFICATIONS 

Mechanical Analysis (ASTM:C136) 
Passing 3/8 11 

#4 
8 
16 
30 
50 
100 

Fineness Modulus 

Deleterious Substances: 

100% 
98 
93 
76 
45 
15 
3.3 
2.7 

Clay Lumps & Friable Particles 0.6 
(ASTM: G142) 

Material Finer than #200.(ASTM:Cll?) 1.3 

100% 
95-100 
80-100 
50-85 
25-60 
10-30 
2-10 

2.3-3.1 (Max Var. ±0.20) 

Maximt.i"Tl 3. 0% 

Max 5.0% (3.0% for concrete 
subject to abrasion) 

.l.S "- MUTU-'L ~R01"EC1'10N" TO =!..1CN"1'.J; Ti-IC P'Vl91-IC A.NO 0Ullt5El...'a'YS •. u .. L. JU:~O""T"5 4.A.E suaMIT"l"'!:O A.5 TH'! CONl"lO!:NTl..t.L. 1"11011'it:Jil'TY Of' Cl..J.[NTS, AMO AU,.MOR· 
IZATlO~ FOR P'UBL.JCATICN OP" 5T.4'!~M!:NT$. CONC~UStON'S O'- £XT"ACT5 F1'0M C" AEGAlll:OING ow-. R!:~ORT'J 1$ R£S!:,..Y!:O ~~f'otOING OU1t W~ITT'EN "~""'ov.u .. 
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twin c1tY test1nQ 
and enc.1neennc 1aoorac:on.J, inc. 

6132 C~('MWELL AvENL.E 

ST ~Aul MN 5511~ 

P !'1 O~E 5t2 6.iS-3601 

REPORT OF: SLUDGE ASH CONCRETE TRIAL BATCHES 

LABORATORY No. 6-0474 

TES{ RES UL TS: (cont) 

Test of Aggreoate (ASTM:C33) - (cont) 

Lightweight Particles (Specific Gravity under 2.00, ASTM:Cl23) 
Coal and Lignite 
Sha le 
Total 

None 
0.3 
0.3 

Organic Impurities (ASTM:C40) Lighter than Plate #1 

Specific Gravity {B.O.D., ASTM:Cl28) 

Absorption (%, ASTM:Cl28) 

Test of Coarse Aagregate (ASiM:C33) -

Type of Aggregate 

Mechanical Analysis (ASTM:C136) 

Sdmple Nunber 
Sample Size 
Passing 111 

3/4 
1/2 
3/8 
#4 
8 

Fineness Modulus 

Deleterious Substances: 

l. Clay [1.J11ps & Friable Particles 
(ASTM: C142} 

2. Soft Particles (ASTM:C235) 
3. Chert (Specific Gravity under 

2.40) 
4. Sun of 1 & 3 above 
5. Material Finer than #200 

(ASTM: Cl 17) 
6. Lightweight Particles (Sp. Gr. 

under 2.0, ASiM:Cl23) 
6A. Coal and Lignite 
6B. Sha 1 e 
6C. iota 1 

7 . I ro n 0 xi d e 

2.64 

l.O 

3/4 11 gravel 

1 
3/411 -#4 
100% 
95 
64 
42 
5.6 
1. 2 
6.56 

0.1 

0.5% 
0.1% 

0.2% 
0.3 

None 
Trace 
Trace 
0.3% 

DATE: August 16, 1982 

PAGE: 4 

ASTM:C33 
SPECI FI CAT10NS 

Max 1.0% (0.5% appearance 
of concrete is important) 

Plate 3 or Lighter 

ASTM: C33 
SPECIFICATIONS 

3/411 -#4 

100% 
90-100 

20-55 
0-10 
0-5 

CLASS DESIGNATION 
MAXIMUM ALLOWABLE (%) 
4S 
3. O~& 

5.0% 

5.0% 
1.0% 

0.5% 

4.S A ""'UT:J.lL.. ;llAOT!:CT10N TO C!..i!:NTS. THE JIU!!lt...~C AHO OUJitS€L..'VES. 4.L..1.. N!:~O,itT~ A.Ff£ SU9MIT"':"'!:O AS Tl-(C CONtrlO~N•tAt... P""OJIJ'UtTY OP' C1..l~HTS. ANO J.UTHO~· 
1%ATtON FO" F'UBL.IC.AT10N OT STAT£Me:NTS. C-ONC!..U.SJON.S o~ (J;T"A::Ts J:'"Q ... OR R~GA~O:NG OUR ,.~~ATS rs rt£3ERVED Jl!:NQ1,..G -::>Ullt WRITT!::N A•~Jl!C'YAL.. 
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;~~~,~~~~ ~;:!:~~~~ 
ST ~;.;_;L •.IN 55114 
:::i1--1cNE 5lZ.64S<l6Ut 

REPORT OF: SLUDGE ASH CONCRETE TRIAL BATCHES 

LABORATORY No. 6-0474 

TEST RESULTS: (cont) 

DATE: August 16, 1982 
PAGE: 5 

Test of Coarse Aggreaate (ASTM:C33) - (cont) 

Specific Gravity (B.O.D., ASTM:C127) 

Absorption (%, ASTM:C127) 

2.66 

1. 0 

Concrete Trial Batches -

Specifications: 

Mix Nt.mber 
Ash Rep 1 a cement 

Size of Coarse Aggregate 
Slump 

Materials: 

Cementitious Materia1s 

Fine ,O..ggregate 
Coarse Aggregate 

Batch Weight (oven dry basis); 

Cementitious Materials 
A. Type I Portland 
B. Sludge Ash 

Tota 1 
Fine Aggregate 
Coarse Aggregate (3/411 -#4) 
Water, Net (% cif control) 
W/C Ratio (W/A+B) 
Slump 
.O..i r Content 
7empera tu re 
Unit Weight 
Yield 

l (Control) 
No sludge 
ash 

3/4 11 -#4 
311_411 

2 
5% cement 
replacement 

3/411 -#4 
311_411 

3 4 
Fine aggregate Fine aggregate 
replacement by replacement by 
2% batch weight 4% batch weight 
3/ 411 -#4 3/411 -#4 
311_411 311_411 

A. Huron Type I Bulk Portland Cenent furnished by National 
Gypsum Company (ASTM:Cl50) 

B. Press cake sludge ash furnished by Metropolitan Council 
Sand furn by J L Shiely Co, Nelson Plant (ASTM:C33) 
Gravel furn by J L Shiely Co, Nelson Plant (ASTM:C33) 

517# 
0# 
517# 
1415# 
1750# 
287 # (100) 
0.56 
411 
2.4% 
68°F 
148. 78 pcf 
26.9 ft3 

491# 
26# 
517# 
1423# 
1750# 
280#(98) 
0.54 
3 1/2'' 
1. 6% 
73° F 
148.78 pcf 
25.9 ft3 

517# 
80# 
597# 
1345# 
1750# 
305#(106) 
0.51 
311 
1. 6% 
73°F 
149.19 pcf 
27.0 ft3 

517# 
160# 
677# 
1265# 
1750# 
323#(113) 
0.48 
3 1/2 11 

1. 3~; 
73°F 
148.40 ocf 
27.2 ft3 

A..9 A. lo4U"'!"UAI.. ~JC!OTt:CTIOM TO C'!. .. JU.(T9. THI: PUBLIC •NC cru;qSEL.V£"5. Al.l.. RE.PO~TS ..l.;:f!: Sl..:!!""'lr.t:'O A5 TMI! CONl'°IO!;MTUt. ""o•!:P.TY OJr O:l..J.CMT~ • ..l.NO AlJTMOR. 
IZAT10N FO.~ P-UBL.JCATION CF' ST•:t.~!;NTS, CCNC!...USION'S Ollt CtTRACT~ J='l't:OM ~A R"EG.4-.:CING ·~UR ~E"i:':)~7$ IS R~SERVEC ~~NOJNG OU~ W"ITT~N APP'R:OVAl... 
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REPORT OF: 

LABORATORY No. 6-0474 

TEST RESULTS: (cont) 

twin city test:1nq 
and encurieennQ iacoracon-1, inc. 

662 C=!O~IWE.'_L Al/E'f'.ouE 
$7 ?AUL. MN 051 q 

? H·G" E 512. 6•5- J601 

SLUDGE ASH CONCRETE TRIAL BATCHES 

Concrete Trial Batches - (cont) 

Time of Set (ASTM:C403) -

Mix Number 

Initial Set (hrs) 
Final Set (hrs) 

1 

4.2 
5.6 

2 

6.5 
8. 5' 

3 

9.9 
12.2 

CATE: August 16, 1982 

PAGE: 6 

4 

11. 6 
13.8 

Comeressive Strength - {411 x 8" cylinders, ASTM:C39) {% of control) 

Mix Nl.Dl1ber 

3 Day Test 100.0 

7 Day Test 100.0 

28 Day Test 100.0 

REMARKS: 

2 

98.0 

98.5 

98.9 

3 

96.2 

99.6 

100.0 

4 

83.3 

65.2 

72. 8 

If you have any questions concerning this report, or if we may be of further assistance 
to you, please contact us. 

TWIN CITY TESTING AND 
ENGINEERING LABORATORY INC 

~II.~ 
Steve H Kosmatka, Civil Engineer 
Construction Materials Department 

~/~?a~ «an J Pashina, P.E. 
Manager, Construction Materials Dept 

SHK: BJP :ma 

.a..s .1. \o!IUTUAl. lSROTt.CitON 'T'O Ct..J!:N1'.S. 'Tl'-!!: 11ue~t.IC l.NO OUR~ltt.V!:S, .4.1..1- ;t:EP"0~'7:S ARE SUSMtTT~'O A:S T"'I~ CCN,..1Cl:N"'!"U1.. ~"O"!:"TY Otr Cl..IEN7'5. 4.NO AUTHOR .. 
1'4.ATION FOR P'.4SL.lC .... TlON 0,- .ITAT'EMf:..~TS, CONCL.U$10Ha OR £.XTJ"ACTS ,-~CM OR FU:~A;l\OING. OU1' Jll~•01"T5 1.5 ~!::S.Z:1'VltD ,.~~CING OUR WRIT'T£N .1.P~ROVAI... 
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APPENDIX E 

Enviroscience, Inc. 
CONSUL TING ENGINEERS 

(6, 2l 379-7242 

June 29, 1982 

Gentlemen: 

Our firm, Enviroscience, Inc., was recently hired by the ~etropolitan Council to study 
the feasibility of using sludge ash from t:ie Metro Plant at St. Paul as a fertilizer 
or as an additive to fertilizer mixes. Our firm specializes in consulting studies 
which involve the fields of environmental and civil engineering. 

An important part of the ~1etropolitan Council study is to contact fertilizer produce:-s 
and blenders in the metro?olitan area to determine their potential interest in using 
the sludge ash material (60-90 tons/day) as a fertilizer or fertilizer additive. 

The ash as produced by the incineration of sludge at the ~·1etro Plant is a fine (primarily 
the size of fine sand and silt), granular material having a specific gravity of abo~t 
2.8. 

The attached chemical analysis sheet gives a breakdown of the najor constituents in the 
sludge ash. The extractable phosphorus, potassium, calcium, magnesium, manganese and 
sodium are also show-n in the table along with the equivalent calcium carbonate. In 
general, although the total phosphorus pentoxide is high, the available (or extractable) 
phosphorus is relatively low. 

\~'e :;.rnuld appreciate your answering the few brief questions in the enclosed form and 
returning it to us the self-addressed sco.mped envelope. We would greatly appreciate 
your prompt response so that we can evaluate r..7hether this material would have a use in 
fertilizer. Your response to the questions on the enclosed form in no way obligates 
your company to use sludge ash. 

I~ you would like additional information at this time regardin~ the study, please call 
myself or Isaac Yomtovian at \612) 379-7242. Thank you in advance for your assista:.1ce. 

Sincerely, 

~ichard >L )J:l thany, ? .. Z. 
Vice ?residi;nt 

?.J.·1__:.,j nj k 

E::closures 
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RESPONSE FORM 

(Please fill out and return to Enviroscience, Inc., in the self-addressed 
return envelope) 

Name of Firm: 
-------------~--~--~~---~ 

Person Filling out Form=---------~--~--.-~~­
(name) 

(title) 

Type of Plant: Fertilizer Producer~-----~------

Storage and Distributor __________ _ 

Approximate number of tons of fertilizer produced: 

-~--~-~~---~tons per_~--~----~-----
( day, week, month or year) 

Wuuld you like to receive more detailed technical 
information? yes~--~---

Would you like to receive a sample of the sludge ash 
material? yes ______ _ 

Do you think that the sludge ash would have a possible 
use in your fertilizer mixes? yes no ------ don't know 

-------~ 

Would you consent to a plant visit by a member of our staff to 
discuss the use bf sludge ash in your fertilizer mixes? 
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RESULTS OF 
CHEMIGAL Ai~ALYSIS 

CHEMICAL COMPOSITION: (%) 

Silicon Oxide (SiOz) 
Aluminum Oxide (Alz03) 
Iron Oxide (Fez03) 

Total 
Sulfur Trioxide (S03) 
Calcium Oxide (CaO) 
Magnesium Oxide (MgO) '" 
Moisture r.ontent 
Loss on Ignition 
Available Alkalies as Na~* 
Available Sodium Oxide as Na2) 
Available Potassium Oxide as K20 
Total Alkalies as NazO 
Total Sodium Oxide (Na2o) 
Total PoLassium Oxide (KzO) 
Barium Oxide (BaO) 
Strontium Oxide (SrO) 
Phosphorus Pentoxide (P205) 
Titanium Dioxide (Ti02) 

Total Chemical Composition 

Extractable Potassium 
Extractable Calcium 
Extractable Magnesium 
Extractable Sodium 
Extractable Manganese 

Calcium Carbonate Equivalent 

Brady's #1 Phosphate 

70 

27.03 
14.36 
8.22 

49.61 
0.84 

20.97 
3.21 
0.086 
0.20 
0.516 
0.305 
0.320 
0.882 
0.467 
0.631 
0.297 
0.018 

20.20 
2.85 

99.29 

183 PPM 
2,757 PPM 

432 PPM 
70 PPM 
14 PPM 

8.51% 

(Parts Per Million) 

6,740 PPM (As Phosphorus) 



APPENDIX F 

r-,_ ! ~ >< I C 0 r1.11 I SS 0 U H I () 5 2 6 5 U . S. ;\ . P HU N E :~ 1 4 4 ? 

April 23, 1982 

Metropolitan Council 
300 Metro Square Building 
Saint Paul, MN 55101 

Attention: ~tr. Carl J. Michaud 
Environmental Planner 

Gentlemen: 

\ l,_.: (_ ,.\ .. 

We have studied your le.tter of April 19, 1982 and have concluded that 
we would not have any interest in this material. There are too many 
so-called impurities in it for our use. 

Some of our people have commented that a possible potential might be 
as a fertilizer. 

Thanks, however, for contacting us. 

Yours very truly, 

George E. Brinkerhoff / 
Manager - Technical Services 

GEB/gjb 
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APPENDIX G 

United States Department of the Interior 
BUREAU OF MINES 

Mr. James L. Frost, P.E. 

I WIN CITJF.S RLSF :\RUI CE'.'\TER 
1Jf120 ;\tlN:\EllA!L\ .\\.l·:>il.E "<>l'Tll 
~1li'i:\EAPOLIS, \11":\FSO 1.\ ~l'.i·l 17 

June 8, 1982 

Metropolitan Waste Control Commission 
300 ~futro Square Building 
St. Paul, ~linnesota 55101 

Dear Hr. Frost: 

Enciosed are the test results of some preliminary work done on the 
lime-conditioned sludge ash. For the sake of comparison, similar tests were 
d()rlt! on a western coal fly ash. As we discussed on May 24, 1982, the Zimpro 
process sludge ash unfortunately was not effective in removing heavy metals. 
However, the lime~conditioned sludge ash performed well enough to merit 
further consideration. Hopefully we can get back to you with further 
developments later this summ12r. 

Thank you again for your help in sending the ash samples and the accompanying 
clat~. 

Enclosure 
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Sincerely yourn, 

./} ,. / 
,,, I / •' . ·. // /};' .' /~. //'l1£ .__ 

7 li k v/ I .- /,/',,, 

DANIEL N. TALLMAN, Research Chemist 
Mine Hydrology 
Mine h'as tes and Leaching Processes 
Twin Cities Research Center 



REMOVAL OF HEAVY METALS BY PRESIPITATION WITH ALKALINE MATERIALS 

Metal 
·--·-·· 

mg71 Dosage, concentrations, 
g/1 Cu Mn Zn 

Lime conditioned 1. 21 <O .10 5.7 <0.10 
fly ash 

2.05 <O .10 0.39 <0.10 . 
4.15 <O .10 .06 <0.10 

0.62 0.13 12.0 3.6 

Coal incineration 0.625 <O .10 0.46 <O .10 
fly ash 

1. 27 <O .10 .06 <O .10 

0.27 0.22 13.9 6.9 

Untreated head - 10.8 l5el 12 
sample 
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